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To understand the influence of salt content in soil on the photosyn-
thetic physiological indexes of spring wheat with trickle irrigation,
the changes of the photosynthetic physiological indexes of spring
wheat and the stomatal limitation and non-stomatal limitation fea-
tures of photosynthesis were analyzed so as to provide theoretical
basis and technical support for spring wheat cultivation in saline-
alkali soils with trickle irrigation. Pot experiment was conducted to
investigate changes of the photosynthetic characteristics of spring
wheat under different salt contents in soil (0.15 % (CK), 0.80 %,
1.70 %, and 2.60 %). The results showed that under different condi-
tions of salt content, the daily variations of photosynthetic physio-
logical indexes were similar, and the “noon nap” phenomenon
during photosynthesis was obvious. Leaf stomatal conductance of
spring wheat was suppressed by the salts in soil, resulting in the
decreases of net photosynthetic rate, water utilization efficiency and
solar energy utilization efficiency; leaf photosynthesis of spring wheat
was restrained by the simultaneous existing of stomatal and non-
stomatal factors; decrease of the net photosynthetic rate was mainly
caused by stomatal factors under low salt content conditions and by
non-stomatal factors under high salt content conditions. The spring
wheat leaves had relatively high net photosynthetic rates in soils
with initial salt contents of 0.15 % and 0.80 %. According to the
results from this study, it is preliminarily concluded that spring wheat
with trickle irrigation can be planted in saline-alkali soils with salt
content lower than mild salinization soil.
Keywords: Trickle irrigation; Spring wheat; Salt content in soil; Photo-
synthetic characteristics; Stomatal and non-stomatal factor
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The ability of endophytes to grow in plant tissues is poorly under-
stood as the plant-endophyte association is a complex interaction. It
has been hypothesized that poor endophyte growth in plant tissues© The Author(s). 2016 Open Access This artic
International License (http://creativecommons
reproduction in any medium, provided you g
the Creative Commons license, and indicate if
(http://creativecommons.org/publicdomain/zemay consequently result in inferior colonization and expression of
antifungal activities. It is pertinent that the growth of the various en-
dophytes (fast- and slow-growing endophytes) are studied in planta,
particularly when fast- and slow-growing endophytes competitively
exclude pathogens and produce strong antifungal compounds,
respectively. In this study, plantlets were first inoculated with fast-
growing endophytes (Trichoderma asperellum T2, Diaporthe phaseo-
lorum WAA02) and slow-growing endophytes (Penicillium citrinum
BTF08, Ganoderma boninense or Gb). Their growth in planta was
determined based on ergosterol extraction (microwave-assisted
extraction method) and quantified with HPLC. Results revealed that
slow-growing endophyte BTF08 is naturally richer in ergosterol
(66.4 μg per 2 g biomass) compared to fast-growing endophytes
(WAA02 and T2 with 13.4 and 39.3 μg per 2 g biomass, respectively).
Unlike BTF08, Gb (22.6 μg per 2 g biomass) has lesser ergosterol,
suggesting that sporulation may be another factor contributing to
ergosterol content. In plants, fast-growing endophytes (WAA02, T2)
have the edge of growing better and succeeding in colonization
and establishment with 0.292 and 0.055 g of fungal biomass per g
of plant tissue estimated, respectively. Their biomass was superior
to biomass of slow-growing endophytes (BTF08 and Gb) with only
0.045 and 0.026 g of fungal biomass detected per g of plant tissue,
respectively. The influence of endophyte growth and subsequent
disease suppression will be evaluated in future.03
Transcriptome and digital gene expression analysis identifies
putative triterpene saponin-biosynthetic genes of Panax
notoginseng
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Background: Panax notoginseng is a well-known Chinese medicinal
herb in the world. The principal bioactive constituents of P. notogin-
seng are triterpene saponins, including ginsenoside Rg1, ginsenoside
Rb1 and notoginsenosides R1. However, little is known about the bio-
synthetic pathways of Rg1, Rb1 and R1.
Result: Equal amount of RNA obtained at four stages of root devel-
opment in which triterpene saponins levels change were pooled and
sequenced using Illumina/Solexa platform. A total of 55,155,156 clean
reads were generated and assembled into 96,704 unigenes. Based on
the Kyoto Encyclopedia of Genes and Genomes, 907 genes related to
triterpene saponins backbone biosynthesis were discovered. Digital
gene expression (DGE) profiles of four root developmental stages
were performed using Solexa sequencing. According to triterpene
saponins levels and genes expression profiles, eight UDP-glucosyl-
transferases and nine cytochrome P450s were discovered to be involved
in triterpene saponins biosynthesis of P. notoginseng.le is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
changes were made. The Creative Commons Public Domain Dedication waiver
ro/1.0/) applies to the data made available in this article, unless otherwise stated.
BMC Plant Biology 2016, 16(Suppl 2):226 Page 84 of 88Conclusion: This study identified a large number of candidate genes
related to triterpene saponins backbone biosynthesis of P. notogin-
seng, including eight UDP-glucosyltransferases and nine cytochrome
P450s. It will provide invaluable resources for understanding the
biosynthetic pathways of Rg1, Rb1 and R1.
Keywords: Panax notoginseng, Triterpene saponins biosynthesis,
Transcriptome, DGE
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Sophora japonica L. has been used as hemostatic agent in diseases
caused by abnormal hemostatic mechanisms in traditional Chinese
medicine since ancient time. The total flavonoids were extracted
from Sophora japonica L. by ultrasonic technique and isolated via
chitosan-assisted polyamide method. On the base of single factor
experiments, Box-Behnken experimental design was adopted to
optimize the process conditions including ultrasonic temperature, ra-
tio of liquid to raw material, processing time and amount of chitosan.
By response surface methodology analysis, the optimal process con-
ditions were obtained as follows: ultrasonic temperature 60 °C, ratio
of liquid to raw material 22:1(v/w), processing time 46 min and
amount of chitosan 8‰ (w/v). The experimental results showed that
the yield of the total flavonoids was 19.54 % and the purity was
46.27 %. Further determination of antioxidant activity of the total
flavonoids was also studied.The results showed that the achieved
flavonoids exhibited potent hydroxyl and superoxide anion free
radicals scavenging capacity in a concentration-dependent manner.
In conclusion, a novel and efficient extraction and chitosan-assisted
isolation technique for flavonoids from Sophora japonica L. was
developed and the obtained flavonoids were of significantly anti-
oxidant activity.
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The morphological characteristics of pollen is an important reference
for the classification of plants, the relationship between species and
the classification of varieties. China is the origin of Ginkgo biloba.
Ancient trees are the best carrier of genetic information. The pollens
of 13 ancient male ginkgo trees in Henan Province were observed
through scanning electron microscopy. The results showed that the
ginkgo pollen had approximately similar outside morphology, and
they were all olive shaped and had a bourgeon channels which was
about the length of pollen. The pollen length ranged from 30.05 μm
to 35.63 μm, the width of pollen ranged from 13.93 μm to 17.73 μm,
and the ratio of the pole length to the equator(P/E) ranged from 1.77
to 2.45. In the description of the characteristics of ginkgo pollenektexine ornamentation, only stripe ornamentation, punctate orna-
mentation and ridge protuberance were used in the past. The study
not only found the above ornamentation features, but also found
the scale shaped ridge protuberance and conical protuberance which
were previously not reported, especially the conical protuberance of
Songxian3 was larger and its base length more than 1 μm. The
morphology of ginkgo pollen was complex and diverse.
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Ginkgo pollens are rich in essential amino acids, vitamins, flavonoids
and other ingredients, can be widely used in the development of
health products and other nutrition utilization, but whether there are
differences between Ginkgo pollens from different regions had not
been finalized. The contents of vitamin B1, vitamin B2, vitamin C,
amino acids, total flavonoids of Ginkgo pollen were measured from
18 Chinese Cities. The average contents of vitamin B1, vitamin B2,
vitamin C, amino acids, total flavonoids of Ginkgo pollens of 18 cities
were respectively 0.1211 mg.g−1, 0.6476 mg.g−1, 0.1135 mg.g−1,
225.2 mg.g−1 and 27.41 mg.g−1. The highest three of vitamin B1 were
Gunlin, Lueyang and Pizhou amount the 18 regions, respectively was
0.2239 mg.g−1, 0.2167 mg.g−1 and 0.1912 mg.g−1; the highest three
of vitamin B2 were Pizhou, Fenghua and Doujiangyan, respectively
was 1.1875 mg.g−1, 1.0442 mg.g−1and 0.9333 mg.g−1; the highest
three of vitamin C were Xixia, Fenghua and Tengchong, respectively
was 0.2061 mg.g−1, 0.1882 mg.g−1 and 0.1828 mg.g−1; the highest
three of amino acids were Guilin, Changxing and Xinxian, respect-
ively was 253.3 mg.g−1, 252.8 mg.g−1 and 249.8 mg.g−1; the highest
three of total flavonoids were Nanxiong, Kangxian and Lueyang,
respectively was 36.58 mg.g−1, 32.93 mg.g−1 and 31.80 mg.g−1. The
result showed that there were significant differences in the nutrient
and medicinal ingredients from diffrent regions.
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Studies were conducted on photosynthetic characteristics of seedlings
of Syzygium hainanense, Phoebe sheareri, Radermachera sinica, Ilex
rotunda, Ficus microcarpa, Carallia diplopetela and Artocarpus nitidus
ssp. lingnanensis under simulated drought environment. The results
showed that with increasing drought stress time net photosynthetic
rate continuously decreased, and stomatal conductance and transpir-
ation rate were similar to net photosynthetic rate for the seven seed-
ling types. The intercellular CO2 concentration of R. sinica and C.
diplopetela decreased initially and then increased, F. microcarpa in-
creased first and then decreased, A. nitidus ssp. lingnanensis increased
first, and then decreased followed by an increase, whereas other
species decreased gradually. With increasing drought stress time, the
stomatal limitation of R. sinica and C. diplopetela increased initially
and then decreased, F. microcarpa decreased first and then increased,
BMC Plant Biology 2016, 16(Suppl 2):226 Page 85 of 88and A. nitidus ssp. lingnanensis decreased first, and then increased
followed a decrease, whereas that of other species continuously
increased. Principal component analysis indicated that drought
resistance of the seedlings decreased in the order of I. rotunda > F.
microcarpa > A. nitidus ssp. Lingnanensis > P. sheareri > S. haina-
nense > C. diplopetela > R. sinica.
Keywords: Drought stress; Seedling; Gas exchange parameter; Analysis
of principal component
08
Changes of fluorescence parameters of greening seedlings of
seven species under drought stress
Jie Li, Zhuomin Wang, Li Xue
College of Forestry and Landscape Architecture, South China Agricultural
University, Guangzhou 510642, China
Correspondence: Li Xue (forxue@scau.edu.cn)
BMC Plant Biology 2016, 16(Suppl 2):08
We studied changes of the fluorescence indexes of the seedlings of
Syzygium hainanense, Phoebe sheareri, Radermachera sinica, Ilex ro-
tunda, Ficus microcarpa, Carallia diplopetela and Artocarpus nitidus
ssp. lingnanensis through continuous drought. The results showed
that with increasing drought time, the photochemical quantum yield
of PSII in the light (Yield) of S. hainanense, R. sinica, I. rotunda, F.
microcarpa and C. diplopetela gradually decreased, whereas that of P.
sheareri and A. nitidus ssp. lingnanensis kept steady. With increasing
drought time, the apparent electron transport rate (ETR) of S. haina-
nense, R. sinica, I. rotunda, F. microcarpa and C. diplopetela gradually
decreased, whereas that of P. sheareri and A. nitidus ssp. lingnanensis
kept steady. With increasing drought time, the non-photochemical
quenching (NPQ) of S. hainanense, P. sheareri, I. rotunda, F. micro-
carpa and A. nitidus ssp. lingnanensis gradually increased, whereas
that of R. sinica and C. diplopetela increased first and then decreased.
Principal component analysis indicated that the order of drought
resistance was I. rotunda > F. microcarpa > A. nitidus ssp. lingnanensis >
P. sheareri > S. hainanense > C. diplopetela > R. sinica.
Keywords: Drought resistance; Fluorescence parameter; Principal
component analysis; Seedlings
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This study is the first report that determines the effects of 17β-
estradiol, estrone, progesterone and androsterone among the mam-
malian sex hormones on in vitro regeneration of Triticale mature
embryos. A range of parameters which were 0 (control), 10−4, 10−8
and 10−12 m mol L−1 doses of 4 different mammalian sex hormones
were investigated. It was clear that mature embryo interacted with
the mammalian sex hormones. In mammalian sex hormones applica-
tions, estron group gave the best result in terms of explant percentage
forming total shoots, followed by 10−12 m mol L−1 of progesterone.
Moreover, effects of mammalian sex hormones on proline and activities
of enzymes in vitro regenere plantlets were investigated. Proline and
activities of enzyme significantly increased at all the concentrations
tested compared to control group. The maximum enzyme activities
were observed at the 10−12 m mol L−1 concentrations for all of three
hormones in vitro culture.10
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Aim: To increase the recognition rate for the detection of fruit types,
we carry out a research project.
Materials: The research team collected 1653 images that are com-
posed of 18 fruit types as granny Smith apples, green grapes, tan-
gerines, red grapes, Rome apples, blackberries, cantaloupes, Anjou
pears, green Plantains, watermelons, Hass avocados, gold pineap-
ples, passion fruits, bosc pears, black grapes, yellow bananas, blue-
berries, and strawberries.
Method: The four-step pre-processing was implemented to remove
background and center the fruit. Afterwards, we used a new global
feature – fractional Fourier entropy (FRFE) to extract features. The
single-hidden layer feed-forward neural-network (SLFN) was utilized
as the classifier. Back propagation algorithm was employed to train
the network.
Results: Simulation results showed their proposed method achieved
an overall accuracy of 88.99 % on the basis of a 5-fold cross validation.
Conclusion: The developed fruit-type detection system is promising
and is now in preparation for practical use.
Future Research: Our next research direction is to introduce three-
dimensional (3D) printing technique to offer 3D printed fruit, so the
team can find more important and distinguishing features.
Keywords: Fruit classification; Detection; Recognition; Fractional Fourier
entropy; Single-hidden layer feed-forward neural-network
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Banana (Musa acuminata) Fusarium wilt caused by the fungal patho-
gen Fusarium oxysporum is a soil-borne, destructive disease world-
wide. Our objectives were to examine whether banana intercropping
with N-fixing peanut crops could enhance soil microorganisms and
improve plant nutrition leading to banana resistance to Fusarium
infection. The experiments were conducted in 6 separate fields (0.5-
ha each) in Hainan Island, southern China during 2015-2016. Banana
seedlings were transplanted in 2 × 2 m spacing and peanuts were
seeded in 0.25 × 0.5 m spacing in each banana row. Each field 0.1-ha
areas were kept as non-intercropping reference. After harvest all
peanut crop residues were incorporated into banana rooting zones.
By fruit formation stage, intercropped banana plants were healthy
BMC Plant Biology 2016, 16(Suppl 2):226 Page 86 of 88with only 2 % of the plants showing wilt disease symptoms against
19 % for the non-intercropped plants. Soil organic carbon increased
from 18.4 mg/g to 22.3 mg/g. The cultured bacteria and actinomycetes
significantly increased by 23 % and 45 % respectively but there was a
decrease in 6.9 % for cultured fungus. Banana leaf N content was sig-
nificantly higher (4.1 ± 0.6 %) in the intercropping plots compared to
the reference plants (3.5 ± 0.7 %). Together enhanced soil microorgan-
isms and improved leaf N nutrition could promote plant resistance to
Fusarium infection. Adoption of intercropping with legume crops would
be practical for reducing Fusarium disease in banana production.12
Manganese stress impairs stem ureide nitrogen fixation in
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Manganese (Mn), an essential micronutrient for plant growth, in-
volves in plant photosynthetic and metabolic processes. Yet soil Mn
stress, organic-C and rhizobial inoculant interactions on legume
symbiotic N fixation are not well understood. Our objectives were
to examine crop tolerance to Mn stress and to determine the rela-
tionships between Mn uptake, root nodulation, stem ureide, amino-
N and nitrate holding in yardlong-beans (Vigna unguiculata subsp.
sesquipedalis), one of the major tropical fresh vegetables. The field
studies were conducted in Hainan, southern China during 2012-
2014. The experimental treatments consisted of three levels of
organic C (OC, 0, 4 and 8 Mg/ha estimated from chicken compost)
and four levels of rhizobial inoculants (RI, 0, 6, 12 and 18 g/kg),
arranged in a split-plot design with 4 replicates. The results showed
that yardlong-bean plants responded strongly to both OC and RI
treatments in all measured physiological and nutritional aspects
(P < 0.05). Leaf Mn holding varied between 496 ± 89 μg/g. Plant
Mn in excess (>360 μg/g) could induce plant stress to impair leaf
chlorophyll, stomatal conductance, carbonxylation, stem allantoin,
amino acids, nitrate concentrations and plant N derived from N
fixation in legume crops. The OC and IR antagonistic interactions
could increase crop tolerance to Mn stress from promoting stem
ureide development and amino acid holding.
Keywords: Manganese stress; Photosynthesis; Stem ureide; Nitrogen
fixation; Yardlong-beans13
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Rhytidodera bowringii larvae are a tropical fruit pest. They burrow into
trunks of mango, cashew, and other tree, which damages portions of
the plants. The damage caused by the larvae can have significant
negative effects on fruit quality and production. Currently, common
pest control methods for R. bowringii include hunting, chemical, and
biological approaches. All these methods are all fairly inefficient.
Thus, it is important to develop a efficient and environment friendly
control method for R. bowringii larvae. In this study, infected cashew
trunks were used as research subjects. Holes chewed by R. bowringii
larvae were blocked with cotton balls dipped in different concentra-
tions of deltamethrin, and then wrapped tightly with polyethylene
films. Five days later, the infected trunks were cut off to determine
the status of the pests. The results showed that blocking holes with
cotton balls dipped in 2.5 % (V/V) deltamethrin and wrapping the
branch with polyethylene film can kill all of the larvae and eggs. This
method is labor intensive but environmental friendly, and can be
used on small scale to control R. bowringii.Acknowledgements
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Four sect. of seed-like Fruits (including 14 species) of Subg. Sclarea of
Salvia of Labiatae in China were systematically observed and
researched by using both biological anatomical lens and scanning
electron microscope (98 photographs were attached). Their shapes
were ovoid, elliptical and fusiform and so on; the sizes were large,
medium and small; the surface ultrastructures of seed-like Fruits were
ranged from plain, stripes, reticulate to convex meshes and the like.
The relationships among them and the position of evolution and the
relationships among three Ser. of Sect. Drymosphace were discussed.
According to the surface ornamentation types analysis of seed-like
Fruits, their evolution was from plain, stripes, reticulate, convex
meshes to reticulate and convex meshes, and both reticulate and
convex meshes appeared on dorsal and ventral surfaces of seed-like
Fruits of one species at the same time. The plain was an original
type; the stripes, reticulate and convex meshes were intermediate
types; and both reticulate and convex meshes appeared on seed-like
Fruits of one species was regarded as an evolution type. This was a
rare phenomenon in other Family and Genus of angiosperms, which
was worthy of an in-depth study. According to types of the ornamen-
tation characteristics, they had intra-specific stabilities, but significant
inter-specific difference in both the macro morphology features
and the ultrastructure ornamentation, which provided evidences
for classification identification, discussion on their genetic relation-
ships, introduction and cultivation and genetics and breeding.
Keywords: Labiatae; Salvia ; Subg. Sclarea; Seed-like Fruits; Ultrastruc-
tures; SEM
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Vegetation in landslide area is difficult because of barren, water
stress, coarse-textures soils, and steep slopes etc. In this study we
need to construct the criteria of slopeland protection for the selected
vegetation materials in considering their characteristics and the soil
solidities for the root system. With the selected three pioneer plants,
India-charcoal Trema (Trema orientalis Blume), Formosan alder (Alnus
formosana Makino) and Roxburgh sumac (Rhus javonica L. var. rox-
burghiana), the destructive pulling resistance (Pr) models, with the
weight of plant above the ground (Wu), the weight of root-soil (Wd)
or the diameter of the tree just above the ground (D), The models
were Pr = 0.469Wu, Pr = 2.9561D + 0.0234Wd and Pr = 1.0184D +
0.0802Wu in proper order. And the non-destructive resistance
models, with the D, were derived with multi-variable regression
BMC Plant Biology 2016, 16(Suppl 2):226 Page 87 of 88analysis, respectively. The models were Pr = 2.882D, Pr = 3.1552D and
Pr = 2.2433D in proper order. The models gave higher statistical
regression coefficients when they were compared with the results of
relative researches. The significant level factors to influence the plant
pulling resistance capacity are climate and soil properties. Finally the
relevant conclusions were obtained.
Keywords: Landslide area; Pioneer plant; Pulling resistance; Root
system
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The C3 plant Reaumuria soongorica and C4 plant Salsola passerina are
super-xerophytes that co-exist in desert ecosystems of China. The
species show a unique growth patterns in growing either in individ-
ual (isolated growth) or in associated communities (associated
growth) that may favour adaptation to the extreme conditions. In
this study, leaf water status, chlorophyll content, antioxidant enzyme
activities, and contents of solutes contributing to osmotic adjustment
were investigated in plants growing in individual and mixed commu-
nities. The objective was to identify physiological and biochemical
differences in the two growth patterns. In associated communities
the chlorophyll contents of R. soongorica and S. passerina were de-
creased, whereas superoxide dismutase and peroxidase activities
were enhanced. The contents of osmotic adjustment substances dif-
fered between the two species, with R. soongorica showing higher
soluble sugar and proline contents than those of S. passerina. Fur-
thermore, the soluble sugar and soluble protein contents were ele-
vated in associated growth. It is concluded that growth in associated
communities may improve antioxidant scavenging and the osmotic
adjustment capacity of the two species, which will alleviate the
adverse effects of the desert environment, and that association in
mixed communities is more conducive to plant water uptake and
enhances drought tolerance.
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Potentilla anserina L. is a psychrophyte of high nutritional and medi-
cinal value that is widely distributed in the alpine region of South-
west China. In this study, three communities—swamp, wet meadow
and dry meadow—were selected at the same latitude to represent
the gradient in groundwater level, surface water level and soil mois-
ture in the Zoige grassland on the Eastern Qinghai-Tibetan Plateau.
The abundance and reproductive capacity of Potentilla anserina in
the communities were investigated, and the CO2 assimilation rate of
P. anserina was measured to estimate water use efficiency (WUE) and
light use efficiency (LUE). The net photosynthetic rate (Pn), WUE and
LUE of P. anserina differed significantly among habitats (P < 0.05).
The Pn, LUE and WUE were lowest in swamp, whereas maximum Pn
and LUE were observed in wet meadow and maximum WUE was
recorded in dry meadow. In the regressive succession from swamp
to wet meadow to dry meadow, P. anserina abundance increased
and reproductive capacity was enhanced; the light compensation
point decreased, the light saturation point increased, and the carbon
assimilation time was extended. It is concluded that P. anserinashows characteristics suited for alpine meadow regressive succession
and is an indicator species for alpine meadow degradation.
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Background: Cloning valuable genes can provide useful objectives
for plant engineering. Pyruvate orthophosphate dikinase (PPDK), the
limited enzyme in C4 photosynthesis and crassulacean acid metab-
olism (CAM).Some research indicated that over-express the gene
encoding PPDK could improve the photosynthesis rate and the pro-
duction. In this study, the C4 type-PPDK gene in Red amaran was
cloned and transformed into alfalfa.
Results: The gene encoding C4 type-PPDK in Red amaran has been
cloned; it showed that the PPDK cDNA was 3.4 kb, including an ORF
of 2871 bp, which encoding of 957 AA of 107kD. By comparing, there
is a highest similarity with wheatgrass of 84 %. Plant expression
vector containing the full length of C4-type PPDK gene was con-
structed and transgenic alfalfa plants were obtained. A sequence
about 600 bp in the upstream of the C4 type-PPDK cDNA was
cloned, it contains TATA-box, CAAT-box, GT1-motif and sp1, some
was transformed into tobacco, and the result showed that there
was a transient expression in it.
Conclusion: PPDK gene of type C4 plants will improve the photosyn-
thetic efficiency of C3 plants.
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This study was conducted to investigate the variation in seed traits
and nutrient contents among 26 provenances of Chukrasia tabularis
from 8 countries in Asia and Australia. There were highly significant
differences among provenances in seed length, width, thickness,
seed length-width ratio, 100-seed weight, contents of soluble pro-
tein, soluble sugar and starch in seed. Although provenances showed
mixed performances across the seed parameters measured, seeds
from Australia and Malaysia were generally larger and heavier, and
had higher protein, sugar and starch contents than those from other
countries. Significant correlations between seed traits and environ-
mental attributes were observed. Nutrient contents were correlated
negatively with altitude, suggesting that provenances from lower
altitude had higher nutrient contents, and vice versa. Principal com-
ponent analysis revealed that seed length, width and weight, and
soluble protein, soluble sugar and starch contents were useful char-
acteristics in explaining the variation pattern among provenances.
This study indicates marked variation in seed size parameters and
nutrient content among C. tabularis provenances and the influence
of geographic location and climate on the variation.
Keywords: Chukrasia tabularis; Provenance; Seed character; Nutrient;
Cluster analysis
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Vanilla (Vanilla planifolia Jacks) is a tropical spice crop that is suitable
for intercropping with the areca nut (Areca catechu L.). A clear un-
derstanding of the effect of the planting density of the areca nut
on the growth of intercropped vanilla is important for the rationaldistribution of the intercropping systems. In this study, three areca nut
planting densities with vanilla intercropping were set up: 2.0 × 2.5 m,
2.0 × 3.0 m, and 2.5 × 2.5 m, using an artificially shaded vanilla mono-
culture as the control. The biomass, the photosynthetic characteristics
of the leaves, and the chlorophyll fluorescence characteristics of the
vanilla were analyzed. It was found that the areca nut intercropping
could significantly increase the stem growth and photosynthetic rate
of vanilla. The treatment of an areca nut planting density of 2.0 ×
2.5 m produced the maximum vanilla stem biomass as well as the best
photosynthetic characteristics of the leaves, including the potential
photochemical efficiency, the apparent electron transport rate, the
maximum photochemical efficiency, and the actual photochemical
efficiency of photosystem II. Therefore, an areca nut planting density
of 2.0 × 2.5 m is optimal for vanilla intercropping.•  We accept pre-submission inquiries 
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